Rationale: Mucormycosis is a rare fungal infection which mainly develops in compromised hosts and the associated mortality rate is high.
Introduction
Mucormycosis is a rare fungal infection caused by fungi in the family Mucoraceae which mainly develops in compromised hosts, and the associated mortality rate is high. The overall mortality rates quotes in literature range from 30% to 80%. [1] It usually occurs in patients with metabolic abnormalities or who are immunocompromised with prolonged neutropenia. [2] However, it can also occur in patients without any underlying disease process. Patients without any underlying disease process have a 25% mortality versus 40 and 80% mortality for patients with metabolic abnormalities and immunocompromised patients, respectively. [3] Timely diagnosis as well as intervention is important for successful management. The treatment of choice is surgical debridement of necrotic tissue and systemic antifungal therapy, including amphotericin B. We encountered a patient with rhinocerebral mucormycosis after endoscopic sinus surgery. The patient was a 59-year-old woman with a past medical history of type-2 diabetes mellitus (DM) and asthma, and she was being treated for chronic rhinosinusitis with nasal polyps by endoscopic sinus surgery.
This study was approved by the institutional review board of Chonbuk National University Hospital, Korea. Informed written consent was obtained from the patient for publication of this case report and accompanying images.
Case report
A 59-year-old woman, with type-2 diabetes mellitus (DM) for 14 years and asthma for 11 years presented with nasal obstruction which had been present for several weeks. She came to our outpatient clinic for further evaluation. At first admission, laboratory findings showed that her white blood cell count (WBC) was 6410/mm 3 (neutrophils 3560/mm 3 , eosinophils 500/ mm 3 ), total IgE was 94.4 IU/mL, serum glucose level was 116 mg/ dL, and HbA1c was 6.5%.
Endoscopic examination revealed nasal polyp and yellowish discharge from both nasal cavities, and a computed tomography (CT) scan of the paranasal sinuses showed pansinusitis ( Fig. 1A and B). The patient underwent functional endoscopic sinus surgery (FESS) and was discharged without any complications. She was prescribed antibiotics for 1 week in the first week of follow-up, and a weekly oral steroid (30 mg/day) in the second week.
On follow-up 4 weeks later, she complained of a severe headache. Endoscopic examination revealed bony erosion and a whitish discharge on the left middle turbinate ( Fig. 2A and B) so an endoscopic biopsy was carried out. The histopathologic report on the nasal tissue showed fungal hyphae (periodic acid-Schiff stain (PAS) positive). These fungal hyphae were non-septate, irregularly wide and showed right-angled branching. The histological diagnosis was mucormycosis ( Fig. 3 ) and the patient was treated with intravenous liposomal amphotericin B (3.5 mg/ kg/day). During the hospitalization for FESS, pre-meal blood glucose level was 150 to 200 mg/dL and post-meal blood glucose level was under 250 mg/dL. However, when the patient was hospitalized with a severe headache a month later, blood glucose level was increased which premeal blood glucose level was 200 to 250 mg/dL and postmeal blood glucose level was 250 to 350 mg/ dL. It was believed to be due to steroids. So the patient stopped using steroids and strictly controlled the blood sugar level.
While in hospital, endoscopic debridement of the necrotic tissue and middle turbinectomy were performed. Intraoperative findings revealed a yellowish lesion extending from the middle turbinate to the frontal recess. Intraoperative specimens from the left nasal cavity and middle turbinate were submitted to the laboratory for histology and microbiological investigation. Microscopy of these specimens revealed chronic granulomatous inflammation and no evidence of fungal organism.
About 1 month after the second admission, left facial paralysis occurred (Fig. 4A) . The type of paralysis was peripheral type, thus we suspected Bell's palsy (House-Brackmann Grade IV). We did not use steroids to treat the facial palsy because of the invasive fungal infection. During the hospitalization period, the patient found it very difficult to endure the long treatment, and there was one suicide attempt, but she overcame this with emotional support from the medical staff and caregivers. After 2 months of hospitalization, the facial palsy had improved to HouseBrackmann Grade II (Fig. 4B) . The patient completed 3 months of amphotericin B and was then discharged. After 2 weeks, 1 months, 2 months, 3 months, 6 months, and 9 months after discharge, follow-up endoscopy showed that there was no recurrence or complications and the patient did not complain any symptoms. 
Discussion
Rhinocerebral mucormycosis is a serious, relatively uncommon invasive fungal infection and one of the most aggressive and lethal invasive mycoses. The underlying diseases for mucormycosis include uncontrolled diabetes, organ transplant, malignancies such as lymphoma and leukemia, immunosuppressive therapy, renal failure, and acquired immune deficiency syndrome (AIDS). [2] The unique point of our case is that mucormycosis occurred after FESS. It is common to use antibiotics after FESS and oral or topical steroids may be used to reduce edema intermittently. The main reason for our mucormycotic infection after FESS may have been the use of steroids or antibiotics after surgery.
The disease is acquired by inhalation of fungal spores into the nasal cavity with subsequent invasion of the sinus mucosa. Fever, headache and nasal congestion, accompanied by facial pain and swelling are the earliest symptoms reported. Diagnosis is mainly dependent on culture and histological examination of specimens by microscopy. [4] Although many symptoms may occur in patients after FESS, severe headache is a symptom that doctors should not miss. If we neglected the symptoms of headache in our patient, we would not have been suspicious of other diseases, which would have made it impossible to find fatal mucormycosis. Successful management of mucormycosis includes both medical and surgical modalities. The initial medical approach to mucormycosis consists of aggressive treatment of the underlying predisposing medical condition and the use of systemic antifungal agents. Amphotericin is commonly used in patients with mucormycosis, and some studies have reported overall survival rates of up to 72%. [5] Surgical management is crucially important and should involve early debridement of all infected and necrotic tissue.
The exact duration and dose of amphotericin B needed for cure of rhinocerebral mucormycosis have not been accurately established. [6] Cure is known to require at least several months of duration and doses of 1.5 to 5 mg/kg/day. We would like to emphasize that emotional support for patients during this period is also important. In our patient, mucormycosis developed after routine FESS, and long-term hospitalization could have made her mentally unstable. Unfortunately, there was one suicide attempt, but she overcame this with emotional support from the medical staff and caregivers and appropriate anti-depressive medication.
In rhinocerebral mucormycosis, facial palsy is an unsurprising concomitant symptom. In some reports, 11% to 22% of mucormycosis patients suffered from facial paralysis. [7, 8] Other authors have reported that 3 out of 4 mucormycosis patients suffer from facial paralysis. [9] Although facial palsy is not a rare symptom in patients with mucormycosis, the exact mechanism of facial palsy is unknown. In our patient, when facial palsy first developed 1 month after treatment, it was unclear whether this was due to direct fungal invasion or Bell's palsy without cause. If facial palsy was caused by direct fungal invasion, there was no longer a site for surgery such as necrotic tissues and bony erosion lesion. Moreover, if Bell's palsy was the cause of facial palsy, the spontaneous recovery rate reaches 80%, so we continued to be dedicated to antifungal treatment. [10] 
Conclusion
It is well known that extensive debridement and sufficient amphotericin B should be used for rhinocerebral mucormycosis. We did not miss headache symptom after FESS, and diagnosed mucormycosis through early endoscopic biopsy, which played an important role in cure of the patient. In addition to the importance of medical therapy such as DM control for patients, emotional support and psychiatric treatment are also important factors as patients require hospitalization for a long period.
